The relationship between air pollution and daily mortality for the period [1991][1992][1993][1994][1995] 
sandards. Daily death counats were r separately in the two cities, using Poisson regression on S02, 03, and/or TSP controlling for variability in the weather and seasons. When considered singly in Poisson regression models controlling for seasonal variations and weather conditions, the nonaccidental mortality associated with a 50-ppb increment in a 3-day moving average of S02 concentrations, incuding the concurrent day and the preceding 2 days, was 1.078 [95% confidence interval (CI), 1 During the last few decades, Korea has given priority to economic development. As a result of this effort, Korea has been very successful in both economic growth and development. Beyond this prosperity, however, several negative issues have also arisen. One of these is environment-related problems. Residents living in polluted areas have requested specific information on the quality of their environment. They have begun to realize the possibility of causal inferences between changes in health status and deteriorating environments, including ambient air pollution and contaminants from drinking water and food. Our 1994 report showed that sulfur dioxide (SO2) and total suspended particulate (TSP) levels had been continuously decreasing over the previous 10 years, but ozone (03) and nitrogen dioxide (NO2) levels had not (1) . For the past 10 years, the government has advocated and enforced the use of low-SO2-contaminant fuel or natural gas for industry. At the same time, the amount of traffic in Korea has skyrocketed in most cities. For this reason, NO2 and 03 levels have not decreased as much as other regulated air pollutants. This study, therefore, was conducted to provide useful information on these matters to Koreans. An epidemiologic study has its own merits over laboratory studies. Its flexibility and generalization are easy to interpret, and the findings can be shared with people who have little knowledge in this area. In Korea, only one observation has been reported accounting for the daily mortality effect of ambient air pollution (2) . Even though public concern has increased, few quantitative data are available in Korea.
The famous London fog of. 1952 demonstrated the alarming deadly potential of high levels of urban air pollution, particularly for the elderly and for those already suffering from sickness (3) . Several later studies in London reported associations between daily mortality and ambient air pollution at much lower pollution levels (4) (5) (6) . After the experience of the London fog episode, people began to realize the necessity of regulating ambient air pollution levels. Nowadays, as pollution levels have been reduced, increased mortality directly attributed to air pollution is rarely observed. However, recent epidemiologic studies have shown the possible causal relationship between adverse health effects and ambient air pollution for levels well below the national ambient air quality standards of many developed countries. Extensive literature has developed concerning the effects of outdoor air pollution on human health. Human epidemiologic studies of acute health effects have found decreased lung function (7), increased respiratory symptoms and illnesses (8) , an increased incidence of hospital admissions and emergency visits (9,10), and an increased mortality associated with current levels of air pollution in many urban areas (11) (12) (13) (14) (15) .
More recent studies have examined mortality with respect to daily particulate and S02 air pollution levels (13, 14, 16, 17) . These studies have observed changes in daily death counts associated with shortterm changes in ambient levels of those air pollutants.
Ozone is generally regarded as one of the most toxic components of the photochemical air pollution mixture. Epidemiological studies (18) (19) (20) (21) have reported significant effects of exposure to 03 on lung function decrements, respiratory and nonrespiratory symptoms, exacerbation of asthma, and an increased number of hospital admissions. A few studies have specifically investigated the short-term effects of03 on mortality (22) (23) (24) (25) .
Our purpose was to determine the relationship between ambient air pollution and mortality. Data from two cities in Korea provided an opportunity to evaluate the association between daily mortality and air pollution, including TSP, SO2, and 03, in two different study areas, the cities of Seoul and Ulsan.
Materials and Methods
The study areas consisted of two cities (Seoul and Ulsan) in Korea (Fig. 1) assumed that the increased mortality occurred concurrently or within [1] [2] [3] days following an increase in air pollution. Daily variations in mortality have frequently been shown to be strongly associated with variations in outdoor air temperature and humidity (27) . Information on the 24-hr average temperature (°C) and relative humidity (%) of the same calendar year was available from the National Meteorological Office and was measured at a central location in both cities. Although seasonal variation in mortality is partly reflected by temperature, we decided to include an additional nominal variable for the season to remove any residual confounding from this source. There have also been observations that mortality varies by day of the week (28, 29) . Unlike previous reports, mortality in this study was generally consistent over the week, so we did not consider weekday variation in the regression equation.
The death counts per day were matched to the daily-averaged levels of TSP, SO2, and the 1-hr daily maximum level of 0 on the same day. Poisson distribution may gave been appropriate to model the distribution ofmortality rates and daily death counts.
In this study, the impacts of environmental factors (i.e., ambient air pollutants, especially the effect of TSP, SO2, and 03, weather, and season) on mortality rates were our main concern, as in previous studies. We chose these factors because they were suggested as significant predictors in the previous analyses as to the number of daily deaths. It is assumed that daily death counts were correlated in days. Therefore, we applied generalized estimation equations (GEEs) developed by Liang The regression coefficients were estimated, using GEEs, and the variances were estimated robustly. Regressions were done in PROC GENMOD ofSAS software (31) .
After establishing the full model, TSP, SO2, or 0 was considered a main risk factor. Air polution levels were generally treated as a continuous variable in the Poisson regression analysis.
Results Table 1 presents the mean and percentile distribution of variables in this study. Total suspended particulates and 0 levels were higher in Seoul than in Ulsan. Sulirdioxide was negatively associated with 0 and air temperature (Fig. 2) . Figure 2 shows Jhat dear seasonal patterns existed in air temperature, SO2, and 03. The seasonal patterns were stronger in Seoul than in Ulsan. It can also be seen in Figure 2 that SO2 and TSP levels decreased over a calendar period. However, 03 did not show any trend by calendar year (Fig. 2) .
A descriptive analysis indicated that the correlation among air pollutants and weather conditions was not high, except the correlation between TSP and SO2 in Seoul (Table 2) . Daily death counts showed seasonal variation: during the winter season (December, January, and February) mortality was the highest.
The population size of Seoul (5-year average = 10,801,622) remained at similar levels from year to year, but seemed to be slightly decreasing. However, in Ulsan (5-year average = 792,422) the population was increasing. In 1995, the district of Ulsan expanded its area, so the population rapidly increased by 26%. Daily death counts in the two cities were, therefore, different according to the size of population (Table 1) .
Previous studies suggested that air pollution may affect mortality with some lags, and Table 1 , the average death counts of the two cities were 5.3 and 89.3 deaths/day in Ulsan and Seoul, respectively. Considering the population size of these two cities (Seoul about 10,800,000; Ulsan about 792,000), we realize that the average death counts were less than expected. This was also revealed in Table 5 , which showed the average death count in different areas. The average daily death count in K6ln, Germany, was 18 (Table 6) , with a population size of 740,000, similar to Ulsan. Another comparison can be made with Korea's national mortality statistics. The crude mortality in Korea was 520 x 10-5.
The expected daily deaths in Seoul and Ulsan would be about 154 and 10, respectively, if we applied the crude mortality rate. It is, therefore, important to find a reasonable explanation for this discrepancy. What we considered in this regard was the age distribution of the two cities and the proportion of deaths caused by accidents, which was excluded from our analysis. The age distribution of the two cities was similar to that of the general Korean population, except in the proportion of elderly subjects (>60 years old). The number of persons Figure 3 shows residuals from Poisson models using SO2 as a main predictor of daily mortality controlling for either weather conditions (air temperature and humidity) or seasonal variation. The analysis indicates that seasonal variation is effectively controlled. We observed independent pollution effects on daily mortality even after using various approaches to control for either weather or seasonal variables in the regression model.
Exposure measurement error is a concern in environmental epidemiologic studies. As in previous studies, we assigned air pollutant levels from fixed, outdoor monitoring stations to individuals who died to estimate their exposure. Despite limitations, the consistency and strength of these findings were striking, and further in-depth studies are required to confirm the existence of the effects. However, priority should be given to individual-based studies in which data on key covariates such as smoking, occupation history, indoor air pollution, and family circumstances can be collected, and in which the validity of the pollution exposure measurements can be investigated. It is highly unlikely that such concordance across so many locations could have occurred due to confounding or by chance.
In summary, the present study contributes to a growing body of literature that rep6rts associations between ambient air pollution and mortality and morbidity. As Bates (39) has pointed out, the consistent and coherent findings in evaluating the evidence on the effects of air pollution play an important role in establishing the causal pathway in mortality and air pollution. Given the coherency of the observed associations between SO2 and 03 and daily mortality across different geographic locations and ethnic populations, the association reported here indicates that these pollutants are probable contributors to premature death. The association is observed at pollution levels common to many cities, induding levels well below the national ambient air quality standards of many 
